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(57) ABSTRACT

An optical module (30) includes an optical waveguide (31), a
first ferrule and a second ferrule (32, 33) connected with the
optical waveguide. The optical waveguide includes 2N opti-
cal channels (313). The first and the second ferrules includes
N mirrors (34, 36) and N+1 lenses (35, 37). N of the 2N
optical channels optically couple the N mirrors (34) of the
first ferrule with N of the N+1 lenses (37) of the second
ferrule, and the remaining N of the 2N optical channel couple
N of'the N+1 lenses (35) of the first ferrule with the N mirrors
(36) of the second ferrule.

17 Claims, 8 Drawing Sheets




US 9,075,209 B2

Sheet 1 of 8

Jul. 7, 2015

U.S. Patent

1

F1G.



U.S. Patent Jul. 7, 2015 Sheet 2 of 8 US 9,075,209 B2

\\\
—_
o

_— 100

N

R1 , if\
RaT1
L5 102
T3
R4
=]
101
201
:
R1
RETE
=i 202
T4
R4 %
200
~ 50

FIG. 2



U.S. Patent Jul. 7, 2015 Sheet 3 of 8 US 9,075,209 B2

FIG, 3




U.S. Patent Jul. 7, 2015 Sheet 4 of 8 US 9,075,209 B2

FIG. 4




US 9,075,209 B2

Sheet 5 of 8

Jul. 7, 2015

U.S. Patent

vmm

ﬁmm

G 3l4

vmm

omm Sv

Sm omm

\\\\\\\

\\\\\ \\\




U.S. Patent Jul. 7, 2015 Sheet 6 of 8 US 9,075,209 B2

FIG. 6



U.S. Patent Jul. 7, 2015 Sheet 7 of 8 US 9,075,209 B2

FIG. 7



U.S. Patent Jul. 7, 2015 Sheet 8 of 8 US 9,075,209 B2

3P
} 323 201 322

7

|_‘ IHHHHHHHHHHHHIB

F—%

324

FIG. 8



US 9,075,209 B2

1
OPTICAL MODULE HAVING ADDITIONAL
LENS FOR DIFFERENT CONNECTION

CROSS REFERENCE TO RELATED
APPLICATION

This application relates to a copending patent application
Ser.No. 13/595,113 filed Aug. 27,2012 and titled “OPTICAL
MODULE FOR TRANSMITTING OPTICAL SIGNAL.”

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to an optical module, and
more particularly to an optical module for optical communi-
cation application.

2. Description of Related Arts

Referring to FIG. 1, an optical backplane system comprises
a backplane, a plurality of switch cards mounted to the back-
plane, and a plurality of line cards mounted to the backplane.
The switch cards and line cards are inserted into the back-
plane system along a same direction. The lines cards are
connected with the switch cards using optical modules. Each
of'the line cards and the switch cards comprises a plurality of
transmitters T1-T4 of same arrangement and a plurality of
receivers R1-R4 of same arrangement. It is needed to design
atransmitter at an end of the optical medium and a receiver in
the other end of the optical medium. If all of the switch cards
and the line card have a plurality of transmitters and receivers
with a same arrangement, a straightforward coupling would
result in the transmitters of the switch cards coupling to the
transmitters of the line cards and the receivers of the switch
cards coupling to the receivers of the line cards, which is
impracticable.

U.S. Patent Application Publication No. 2012/0308188,
published on Dec. 6, 2012, to Chien et al. discloses a similar
optical backplane system. The optical backplane system com-
prises a backplane, a pair of switch cards mounted to the
backplane, a plurality of line cards mounted to the backplane
and disposed parallel to the switch cards. All of the switch and
the line cards comprise a plurality of optical connecting por-
tions. The optical backplane assembly further comprises an
optical connecting member to couple the optical connecting
portions of the line cards with the optical connecting portions
of the switch cards. U.S. Pub. No. 2012/0141070, published
on Jun. 7, 2006, discloses an optical connector assembly used
for connecting cards of a backplane system. U.S. Pat. No.
7,418,165, issued on Aug. 26, 2008, to Glebov et al., and U.S.
Pat. No. 7,680,367, issued on Mar. 16, 2010, to Matsuoka et
al. disclose optical signal transmission in optical medium. An
improved optical module is desired to offer advantages over
the related art.

SUMMARY OF THE INVENTION

An object of the present invention is to provide an optical
module with the two ends could be assembled to different
types to mate with different ports.

To achieve the above-mentioned object, an optical module
comprises:

an optical waveguide having a first end and a second end
opposite to the first end, the optical waveguide comprising 2N
optical channels extending between the first end and the sec-
ond end;

a first ferrule connected with the first end of the optical
waveguide, the first ferrule comprising N first mirrors
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arranged in one row, and N+1 first lenses arranged in another
row, the first lenses disposed spaced apart from the first mir-
rors; and

a second ferrule connected with the second end of the
optical waveguide, the second ferrule comprising N second
mirrors arranged in one row, and N+1 second lenses arranged
in another row, the second lenses disposed spaced apart from
the second mirrors;

wherein N of the 2N optical channels optically couple the
N first mirrors with N of the N+1 second lenses, and the
remaining N of the 2N optical channels couple N of the N+1
first lenses with the N second mirrors.

According to the present invention, the waveguide could be
adjusted to establish connections between the first lenses and
the second mirrors or the first mirrors and the second lenses.

BRIEF DESCRIPTION OF THE DRAWING

FIG. 1is a sketch view of a switch card and a line card of a
prior art backplane assembly;

FIG. 2 is a sketch view of a switch card and a line card in
accordance with the present invention;

FIG. 3 is a perspective view of an optical module in accor-
dance with the present invention;

FIG. 4 is another perspective view of the optical module as
shown in FIG. 3;

FIG. 5 is a cross-sectional view of the optical module taken
along line 5-5 of FIG. 3;

FIG. 6 is an exploded view of the optical module as shown
in FIG. 3;

FIG. 7 is a perspective view of the first or the second ferrule
of the optical module as shown in FIG. 3; and

FIG. 8 is a back side view of the first or the second ferrule
of the optical module as shown in FIG. 7.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENT

Reference will now be made in detail to a preferred
embodiment of the present invention.

Referring to FIG. 2, an backplane assembly 1 comprises a
backplane (Not shown), a plurality of switch cards 10 (Only
one is shown) mounted to the backplane, a plurality of line
cards 20 (Only one is shown) mounted to the backplane, and
a plurality of optical modules 30 optically coupling with the
switch cards 10 and line cards 20. The switch cards 10 and the
line cards 20 are arranged side by side. The switch card 10
comprises an OFE module 100 comprising a plurality of
receivers 101, such as photodiodes, arranged in a row, and a
plurality of transmitters 102, such as VCSELs, arranged in
another row. Each of the receivers 101 are upwardly moved a
half pitch with corresponding one transmitter 102. The line
card 20 comprises an OF module 200 comprising a plurality
of receivers 201, such as photodiodes, arranged in a row, and
a plurality of transmitters 202, such as VCSELs, arranged in
another row. Each of the receivers 201 are downwardly
moved a half pitch with corresponding one transmitter 202.

Referring to FIGS. 3 to 6, the optical module 30 comprises
aoptical waveguide 31 having a firstend 310 and a second end
311 opposite to the first end 310, a first ferrule 32 connected
with the first end 310 of the optical waveguide 31, and a
second ferrule 33 connected with the second end 311 of the
optical waveguide 31. The optical waveguide 31 is made from
polymer material. The optical waveguide 31 comprises 2N
optical channels 313 extending between the first end 310 and
the second end 311. The optical channels 313 are arranged in
a row. Hach of the channels 313 is spaced apart a pitch from
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adjacent one. The first end 310 of the optical waveguide 31
defines a first through hole 314, a plurality of first holes 315
arranged in a first row and spaced apart a pitch from adjacent
one, and a first slot 316 disposed between the first through
hole 314 and the first holes 315. The first slot 316 extends
along a direction parallel to the first row. The second end 311
of the optical waveguide 31 defines a second through hole
317, and a plurality of second holes 318 arranged in a second
row and spaced apart the pitch from adjacent one, and a
second slot 319 disposed between the second through hole
317 and the second holes 318. The second slot 319 extends
along a direction parallel to the second row.

Referring to FIGS. 3 to 8, the first ferrule 32 comprises a
first bottom wall 320, and a pair of first side walls 321 respec-
tively projecting upwardly from sides of the first bottom wall
320, and a first receiving space 322 formed by the first bottom
wall 320 and the first side walls 321. The first bottom wall 320
comprises a first post 323 projected into the first receiving
space 322, and a pair of first mounting post 324 for being
mounted to an outer device. The first bottom wall 320 defines
a first receiving hole 325 extending therethrough. The second
ferrule 33 comprises a second bottom wall 330, and a pair of
second side walls 331 respectively projecting upwardly from
sides of the second bottom wall 330, and a second receiving
space 332 formed by the second bottom wall 330 and second
receiving space 331. The second bottom wall 330 comprises
a second post 333 projected into the second receiving space
332, and a pair of second mounting post 334 for being
mounted to an outer device. The second bottom wall 330
defines a second receiving hole 335 extending therethrough.

The first ferrule 32 comprises N first mirrors 34 arranged in
arow, and N+1 first lenses 35 arranged in another row, the first
lenses 35 disposed spaced apart from the first mirrors 34. The
first lenses 35 are arranged side by side, and the first mirrors
34 are arranged spaced apart from each other. Each of the first
lenses 35 is offset with corresponding one first mirror 34. The
first lenses 35 and the first mirrors 34 are disposed on the first
bottom wall 320. The first lenses 35 are disposed closer to the
first post 323 than the first mirrors 34. The N first mirrors 34
are received in the first holes 315, respectively, with each first
mirrors 34 optically coupling with corresponding one of the
optical channels 313. The N of the N+1 first lenses 35 are
received in the first slot 316, with each ofthe N first lenses 35
optically coupling with corresponding one of the remaining
optical channels 313. Therefore, one ofthe N+1 first lenses 35
is unused.

The second ferrule 33 comprises N second mirrors 36
arranged in a row, and N+1 second lenses 37 arranged in
another row, the second lenses 37 disposed spaced apart from
the second mirrors 36. The second lenses 37 are arranged side
by side, and the second mirrors 36 are arranged spaced apart
with each other. Each of the second lenses 37 is offset with
corresponding one second mirror 36. The second lenses 37
and the second mirrors 36 are disposed on the second bottom
wall 330. The second lenses 37 are disposed closer to the
second post 333 than the second mirrors 36. The N second
mirrors 36 are received in the second holes 318, respectively,
with each second mirrors 36 optically coupling with corre-
sponding one of the N of the 2N optical channels 313. The N
of the N+1 second lenses 37 are received in the second slot
319, with each ofthe N second lens 37 optically coupling with
corresponding one of the remaining N of the N+1 optical
channels 313. Therefore, one of the N+1 second lenses 37 is
unused. As shown in FIG. 5, in this embodiment, the unused
first lens 35 is disposed at the outmost side adjacent to the
second ferrule 33, and the unused second lens 37 is disposed
at the outmost side adjacent to the first ferrule 33, when the
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first and the second ferrule 32, 33 are dispose side by side at
a same plane. In other word, the unused first lenses 35 is
disposed ata side of the first ferrule 32, and the unused second
lenses 37 is disposed at an opposite side of the second ferrule
33, when the first ferrule and the second ferrule 32, 33 are
disposed side by side in a same plane.

Referring to FIGS. 3 to 6, the optical module comprises a
firstlens array 40 received in the first receiving hole 325 of the
first ferrules 32, and a second lens array 50 received in the
second hole 335 of the second ferrule 33. The first lens array
40 comprises 2N first optical lenses 401 arranged with two
rows, both rows having N first optical lenses 401. The second
lens array 50 comprises 2N second optical lenses 501
arranged with two rows, both rows having N second optical
lenses 501. The first post 323 mats with a first through hole
314 to accurately position the optical waveguide 31 to the first
ferrule 32. Therefore, one row of the first optical lenses 401
are optically coupling with the first lenses 35, respectively,
and the other row of the first optical lenses 401 are optically
coupling with the first mirrors 34, respectively. The second
post 333 mats with the second through hole 317 to accurately
position the optical waveguide 31 to the second ferrule 3.
Therefore, one row of the second optical lenses 501 are opti-
cally coupling with the N of'the N+1 second lenses 37, respec-
tively, and the other row of the second optical lenses 502 are
optically coupling with the second mirrors 36. N of the 2N
channels 313 are optically coupling the N of the N+1 first
lenses 35 with the N second mirrors 36, and the remaining N
of the 2N channels 313 are optically coupling the N first
mirrors 34 with the N of the N+1 second lenses 37. The N of
the 2N optical channels 313 are alternately arranged with the
remaining N of the 2N optical channels 313, respectively. As
the receivers 101 of the line card 20 are upwardly moved a
half pitch, and the receivers 201 of the switch card 10 are
downwardly moved a half pitch. Therefore, the receiver 101
of the line card 20 and the transmitter 202 of the switch card
10 are optically connected by the optical module 30, when the
line card 20 and the switch card 10 are inserted into the
backplane along a same direction.

Itis to be understood, however, that even though numerous
characteristics and advanarmes of the present invention have
been set forth in the foregoing description, together with
details of the structure and function of the invention, the
disclosure is illustrative only, and changes may be made in
detail, especially in matters of shape, size, and arrangement of
parts within the principles of the invention to the full extent
indicated by the broad general meaning of the terms in which
the appended claims are expressed.

What is claimed is:

1. An optical module comprising:

an optical waveguide having a first end and a second end
opposite to the first end, the optical waveguide compris-
ing 2N optical channels extending between the first end
and the second end;

a first ferrule connected with the first end of the optical
waveguide, the first ferrule comprising N first mirrors
arranged in one row, and N+1 first lenses arranged in
another row, the first lenses disposed spaced apart from
the first mirrors; and

a second ferrule connected with the second end of the
optical waveguide, the second ferrule comprising N sec-
ond mirrors arranged in one row, and N+1 second lenses
arranged in another row, the second lenses disposed
spaced apart from the second mirrors;

wherein N of the 2N optical channels optically couple the
N first mirrors with N of the N+1 second lenses, with the
remaining one of the N+1 second lenses unused, and the
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remaining N of the 2N optical channels couple N of the
N+1 first lenses with the N second mirrors, with the
remaining one of the N+1 first lenses unused.

2. The optical module as recited in claim 1, wherein the N
of the 2N optical channels are alternately arranged with the
remaining N of the 2N optical channels, respectively.

3. The optical module as recited in claim 2, wherein the first
ferrule comprises a first flat bottom wall and a pair of opposite
first side walls extending upwardly from the first bottom wall,
a first receiving space formed by the first bottom wall and the
first side walls, the first end of the optical waveguide received
in the first receiving space.

4. The optical module as recited in claim 3, wherein the first
lenses are arranged side by side, and the first mirrors are
arranged spaced apart from each other.

5. The optical module as recited in claim 4, wherein each of
the first lenses is offset with corresponding one first mirror.

6. The optical module as recited in claim 5, wherein the first
lenses and the first mirrors are disposed on the first bottom
wall.

7. The optical module as recited in claim 6, wherein the first
end of the waveguide defines a slot for receiving the first
lenses, and a plurality of holes for receiving the first mirrors
respectively.

8. The optical module as recited in claim 7, further com-
prising a lens array received in the first bottom wall, the lens
array comprising two rows of optical lenses optically con-
necting with the first lenses and the first mirrors, respectively.

9. The optical module as recited in claim 8, wherein the first
ferrule comprises a post disposed on the first bottom wall and
projected into the first receiving space, and the first end of the
waveguide defines a through hole for mating with the post.

10. The optical module as recited in claim 9, wherein the
first ferrule comprises a pair of mounting posts disposed on
the bottom wall for mounting to an outer device.

11. The optical module as recited in claim 1, wherein the
unused first lens is disposed at a side of the first ferrule, and
the unused second lens is disposed at an opposite side of the
second ferrule, when the first ferrule and the second ferrule
are disposed side by side in a same plane.

12. An optical module comprising:

a ferrule including a first row of mirrors densely arranged
with one another along a transverse direction with a
pitch; and

a second row of lenses densely arranged with one another
along said transverse direction with said pitch; wherein

an amount of said mirrors is less than that of the lenses by
only one, and said mirrors are not respectively aligned
with said lenses along a front-to-back direction perpen-
dicular to said transverse direction but at an offset with
one half of said pitch;

further comprising another identical optical module with
an optical waveguide connected therebetween, wherein
said optical waveguide includes a plurality of optical
channels, an amount of said optical channels being equal
to twice of the amount of said mirrors, the optical chan-

10

15

20

25

30

35

40

45

50

55

6

nels optically coupling with the mirrors and the lenses,
respectively, with one lens unused on each of said optical
modules.

13. An optical module comprising:

an optical waveguide having a first end and a second end
opposite to the first end, the optical waveguide compris-
ing 2N optical channels extending between the first end
and the second end;

a first ferrule connected with the first end of the optical
waveguide, the first ferrule comprising N first mirrors
arranged in one row, and N+1 first lenses arranged in
another row, the first lenses disposed spaced apart from
the first mirrors; and

a second ferrule connected with the second end of the
optical waveguide, the second ferrule comprising N sec-
ond mirrors arranged in one row, and N+1 second lenses
arranged in another row, the second lenses disposed
spaced apart from the second mirrors;

wherein N of the 2N optical channels optically couple the
N first mirrors with N of the N+1 second lenses, and the
remaining N of the 2N optical channels couple N of the
N+1 first lenses with the N second mirrors;

wherein the N of the 2N optical channels are alternately
arranged with the remaining N of the 2N optical chan-
nels, respectively;

wherein the first ferrule comprises a first flat bottom wall
and a pair of opposite first side walls extending upwardly
from the first bottom wall, a first receiving space formed
by the first bottom wall and the first side walls, the first
end of the optical waveguide received in the first receiv-
ing space;

wherein the first lenses are arranged side by side, and the
first mirrors are arranged spaced apart from each other;

wherein each of the first lenses is offset with corresponding
one first mirror;

wherein the first lenses and the first mirrors are disposed on
the first bottom wall;

wherein the first end of the waveguide defines a slot for
receiving the first lenses, and a plurality of holes for
receiving the first mirrors respectively.

14. The optical module as recited in claim 13, further
comprising a lens array received in the first bottom wall, the
lens array comprising two rows of optical lenses and optically
connecting with the first lenses and the first mirrors respec-
tively.

15. The optical module as recited in claim 14, wherein the
first ferrule comprises a post disposed on the first bottom wall
and projected into the first receiving space, and the first end of
the waveguide defines a through hole for mating with the post.

16. The optical module as recited in claim 15, wherein the
first ferrule comprises a pair of mounting posts disposed on
the bottom wall for mounting to an outer device.

17. The optical module as recited in claim 13, wherein the
unused first lens is disposed at a side of the first ferrule, and
the unused second lens is disposed at an opposite side of the
second ferrule, when the first ferrule and the second ferrule
are disposed side by side in a same plane.
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